We present Keck/MOSFIRE K-band spectroscopy of the first mass-selected sample of galaxies at z ∼ 2.3. Targets are selected from the 3D-HST Treasury survey. The six detected galaxies have a mean [NII]λ6584/Hα ratio of 0.27 ± 0.01, with a small standard deviation of 0.05. This mean value is similar to that of UV-selected galaxies of the same mass. The mean gas-phase oxygen abundance inferred from the [NII]/Hα ratios depends on the calibration method, and ranges from 12+log(O/H) gas = 8.57 for the Pettini & Pagel (2004) calibration to 12+log(O/H) gas = 8.87 for the Maiolino et al. (2008) calibration. Measurements of the stellar oxygen abundance in nearby quiescent galaxies with the same number density indicate 12+log(O/H) stars = 8.95, similar to the gas-phase abundances of the z ∼ 2.3 galaxies if the Maiolino et al. (2008) calibration is used. This suggests that these high-redshift star forming galaxies may be progenitors of today's massive early-type galaxies. The main uncertainties are the absolute calibration of the gas-phase oxygen abundance and the incompleteness of the z ∼ 2.3 sample: the galaxies with detected Hα tend to be larger and have higher star formation rates than the galaxies without detected Hα, and we may still be missing the most dust-obscured progenitors.
INTRODUCTION
Observations of the elemental abundances of galaxies provide information on the build-up of metals in the Universe and on the importance of winds and feedback (Davé, Finlator, & Oppenheimer 2012) . Most studies find that the mass-metallicity relation evolves with redshift, such that at fixed stellar mass, galaxies have lower metallicity at earlier times (Erb et al. 2006b; Maiolino et al. 2008; Zahid et al. 2013 , though see also Stott et al. 2013) . This is consistent with expectations from simple models in which gas is gradually enriched by (post-)AGB stars and supernovae.
In addition to measuring their gas-phase metallicities, it is also possible to measure the stellar metallicities of galaxies (Gallazzi et al. 2005 , Panter et al. 2008 , Conroy, Graves, & van Dokkum 2013 . As the stellar metallicities reflects the gas-phase metallicities at the time of star formation, the combined mea-surements of stellar and gas-phase metallicities over cosmic time puts powerful constraints on galaxy formation models Sommariva et al. 2012) .
In this Letter we take a step in this direction by comparing the stellar oxygen abundances of massive galaxies in the local Universe to the gas-phase oxygen abundances of their putative progenitors at early times. This comparison should be relatively straightforward for massive galaxies, as they formed most of their stars at redshifts z 2 ( Thomas et al. 2005; Conroy et al. 2013 ). Therefore, there should be a direct correspondence between the gas-phase metallicities of massive galaxies at z 2 and the stellar metallicities of their descendants at z = 0. This project has recently become possible due to the CANDELS and 3D-HST datasets, which provide masslimited samples with accurate redshifts, and to the advent of the MOSFIRE spectrograph on the Keck telescope (McLean et al. 2012) . Furthermore, accurate stellar abundances of individual elements have recently been derived from averaged spectra of SDSS galaxies of different masses .
In order to link progenitor galaxies with their descendants we require that they have the same cumulative number density (van Dokkum et al. 2010; Patel et al. 2013; Leja, van Dokkum, & Franx 2013) . This comparison at a constant number density is preferable to comparison at constant stellar mass, as it explicitly takes the mass evolution of galaxies into account.
Throughout the paper, we assume a Chabrier IMF (Chabrier 2003 ) and a ΛCDM cosmology with H 0 = 70 km s −1 Mpc −1 , Ω M = 0.3, and Ω Λ = 0.7.
SAMPLE SELECTION
We select spectroscopic targets in the UKIDSS-UDS field from version 2.1 of the 3D-HST survey catalogs ). The 3D-HST catalogs contain redshifts and stellar masses derived from a combination of HST/G141 grism spectra and deep photometric data, with wavelength coverage from UV to Spitzer/IRAC as described in Skelton et al. (in prep) . Reported stellar masses are the current mass in stars and stellar remnants. When possible, the star formation rates (SFRs) are based on the UV+IR flux, with the IR determined from Spitzer/MIPS; otherwise, for fainter objects, they come from fits of stellar population synthesis models to the stellar spectral energy distributions (SEDs). As shown in Wuyts et al. (2011) the techniques give consistent answers where they overlap. We note that Hα emission in detected galaxies constitutes a median of 5% of the K-band flux, and thus has a negligible effect on broadband photometry. Catalog information and emission line properties for the targeted sample are shown in Table 1 .
The targets are selected at a fixed cumulative number density of 2×10 −4 Mpc −3 in the stellar mass functions of Marchesini et al. (2009) , which are ∼100% complete in the relevant mass and redshift range. Selecting galaxies at a constant number density will effectively link galaxies across different redshifts if the stellar mass rank order of galaxies is approximately conserved with time, or alternatively, if processes that break rank order (i.e. merging or scatter in growth rates) have little effect on average galaxy properties. Leja et al. (2013) found this technique is effective in predicting the median descendant stellar mass from z = 3 to z = 0 to ≤ 0.15 dex in a semi-analytical model. This selection corresponds to a redshift-dependent stellar mass criterion, shown in Figure 1 . The stellar mass evolution is parametrized as:
Specifically, we target galaxies that have stellar masses within ±0.2 dex of this relationship. We further require that Hα and [NII] fall both within the K-band filter and on the MOSFIRE detector, effectively creating a joint constraint on the redshift and the (α, δ) of each target.
These selection criteria result in a mask with 16 galaxies, with redshifts 2.1 < z < 2.55.
OBSERVATIONS AND DATA REDUCTION
The MOSFIRE K-band observations were conducted on January 20th, 2013, with ∼1.5" seeing. An ABAB dither pattern with a 1.5" nod was used. Slit widths were 0.7". A single mask was observed with 16 targets for 85 minutes, with 6 of the targets showing clear line emission. We estimate that sky lines obscure only ∼3% of the spectral range for emission lines with a central per-pixel S/N=20, typical for detected emission lines. The nondetections are thus likely caused by intrinsically weak or dust-obscured galaxy emission lines, rather than overlap of intrinsically bright lines with sky emission features.
The MOSFIRE data reduction pipeline 12 was used to reduce the spectroscopic data. The pipeline performs flat fielding, wavelength calibration, sky subtraction, and cosmic ray removal before producing a final two-dimensional output with an associated variance map. One dimensional spectra were extracted using the optimal extraction method of Horne (1986) . No flux calibration or reddening correction was necessary for this study.
The K-band spectra for targets with detected emission lines are shown in Figure 2 , along with spectral energy distributions (SEDs) and F160W direct images. Hα and [NII] emission lines are fit with Gaussian profiles; the only exception is UDS-19440, which is fit with a double Gaussian to properly model the line profile. [NII] and Hα are fit simultaneously, with their line widths and redshifts constrained to the same value to improve accuracy when fitting the weaker [NII] line. The adopted fluxes are the areas of the Gaussians. Errors in the line profile are determined by perturbing each flux value within a Gaussian probability distribution, then remeasuring the line profile. The width of the Gaussian probability distribution (2012) is set to the 1σ flux error in the pixel. The errors on measured parameters are taken as the 68% range in derived parameters over 1000 iterations of perturbed spectra.
RESULTS

[NII]/Hα ratios
We measure a mean [NII]/Hα ratio of 0.27 ± 0.01 (error in the mean) ± 0.05 (standard deviation) in our sample.
We compare the relationship between stellar mass and [NII]/Hα in our sample and in UV-selected samples (Figure 3) . By contrasting data rather than derived quantities, we cleanly assess potential differences in [NII]/Hα ratio between different samples.
Specifically, we compare our measurements to those of Erb et al. (2006a) and Kulas et al. (2013) . These studies select spectroscopic targets to be bright in the rest-frame UV (R < 25.5) and to fulfill color-color criteria in the rest-frame UV, as described in Steidel et al. (2004) and Adelberger et al. (2004) . The data from Erb et al. (2006a) are stacked spectra with ∼15 galaxies per point.
The stellar masses in Erb et al. (2006a) are reported as the integral of the SFR. In order to compare with our data, we convert the Erb et al. (2006a) stellar masses into the mass in stars and stellar remnants using the following formula:
with T ≡ log (age/yr), and ages taken from Erb et al. (2006a) . The formula is a fit to the mass loss rates in the Bruzual & Charlot (2003) models for a Chabrier IMF, and applies only to ages > 2 Myr. Figure 3 shows that mass-selected galaxies have similar [NII]/Hα ratios compared to UV-selected galaxies. We quantify the significance of this result by simulating our observations using population statistics from the UV-selected samples. First, we fit a linear relationship to the Erb et al. (2006a) points, finding:
We use this relationship to estimate the UV-selected [NII]/Hα ratio at the average stellar mass of our sample: log(<M> * /M ⊙ ) = 10.73. We calculate the biweight scatter (Beers, Flynn, & Gebhardt 1990) about the relationship to be 0.22 dex, using the Kulas et al. (2013) galaxies with M * > 10 10 M ⊙ . We then simulate our observations by repeatedly sampling six galaxies from a Gaussian probability distribution with a mean and scatter fixed to the values above. This results in a mean [NII]/Hα ratio greater than our measured ratio only 40% of the time. This mass-selected sample thus does not have significantly higher [NII]/Hα ratios than UV-selected samples.
To further explore whether mass-selected, Hα-detected galaxies are different from UV-selected galaxies of the same mass, we include two panels in Figure 3 that explore what fraction of the mass-selected sample does not fulfill the selection criteria for a UV-bright sample. Our sample is split into galaxies with detected emission lines and non-detections. U, G, and R magnitudes are measured directly from the best-fit EAZY template (Brammer, van Dokkum, & Coppi 2008) , then shown relative to the UV-bright selection criteria. The results indicate that 50% of the galaxies with detected emission lines fit the UV-bright selection criteria 13 , but only 10% of galaxies without detected emission lines fit the same criteria. The whole sample is thus primarily UV-faint: however, 50% of the galaxies with detected line emission are UVbright.
Oxygen abundances
We next convert the measured [NII]/Hα ratios into oxygen abundances. To demonstrate the spread in oxygen abundance between metallicity calibrations, we cal-13 If we instead ask whether these galaxies would be considered UV-bright when placed at any redshift, this changes to 67%. The scatter in this conversion is taken to be 0.1 dex. We find a mean oxygen abundance of 12 + log(O/H) = 8.87 ± 0.04, 8.70±0.10 and 8.57±0.08 for the M08, D02, and PP04 calibrations respectively. The quoted error is the error in the mean, while the standard deviations are 0.09, 0.08, and 0.08, again respectively. These mean abundances range from 0.12 dex below the solar value of 12 + log(O/H) = 8.69 (Asplund et al. 2009 ) for the PP04 calibration to 0.18 dex above solar for M08.
Comparison to stellar abundances at z = 0
We now compare the gas-phase oxygen abundances to the stellar oxygen abundances of nearby galaxies. We adopt the stellar oxygen abundances measured in Conroy et al. (2013) . This study analyzes spectra from the inner 0.4-0.8 effective radii of local quiescent galaxies stacked in bins of stellar velocity dispersion, and fits a full-spectrum model to them, described in Conroy & van Dokkum (2012) . The model constrains the abundances of individual elements, including oxygen. To compare with our results, we derive the average stellar mass for these stacks, and interpolate the stellar oxygen abundance at the expected descendant mass. Specifically, we interpolate between the two bins with log(σ/km/s) = 2.39 and 2.47, with corresponding stellar masses of 10.96 and 11.34. This results in an oxygen abundance of 12 + log(O/H) = 8.95
+0.03
−0.03 . The error bars represent the stellar oxygen abundances as inferred at the edge of the mass selection box (see Figure 1) .
We can now compare these z = 0 stellar abundances to the high redshift gas-phase metallicities derived in 4.2. If the high redshift galaxies are progenitors of the -Comparing the gas-phase oxygen abundances of galaxies at z ∼ 2.3 to the stellar abundances of local quiescent galaxies at the same number density. The mean gas-phase metallicities from multiple metallicity calibrations are shown in dark blue. The scatter in these calibrations is ∼0.1-0.2 dex. The solar abundance is from Asplund et al. (2009) . The gas-phase error bar is the standard deviation of the metallicities; it is only shown for the M08 calibration for clarity.
low redshift galaxies, and we are observing the main epoch of star formation in the high redshift galaxies, then the high redshift gas-phase abundance should match the low redshift stellar metallicity. Interestingly, the gasphase metallicities are lower than the stellar abundances, with the difference depending on the calibration method. PP04 produces the largest inconsistency, with the stellar abundance nearly 0.4 dex higher than the gas metallicity. The best match comes from the M08 calibration, which produces gas metallicities that are only 0.08 dex lower than the stellar abundance.
DISCUSSION
In this Letter, we have measured [NII]/Hα ratios from Keck/MOSFIRE K-band spectroscopy of a mass-selected sample at high redshift. We demonstrate that these [NII]/Hα ratios are similar to those measured in surveys of UV-bright galaxies. We measure an average [NII]/Hα ratio of 0.27, corresponding to an average gas-phase oxygen abundance of 12+log(O/H) = 8.57-8.87, depending on the metallicity calibration adopted. Taking Figure 4 at face value, we would conclude that the M08 calibration gives the best match to the z = 0 stellar abundances, and should therefore be preferred over the other calibrations. However, there are many sources of systematic uncertainty in this study.
We first consider the sources of the differences in the three calibrations. The M08 oxygen abundance is calculated from a combination of the direct T e method for galaxies with log(O/H) + 12 < 8.35, and with strong line ratios and the photoionization models of Kewley & Dopita (2002) for log(O/H) + 12 > 8.35. D02 derives oxygen abundances primarily from the direct T e method, with roughly one third of their abundances from oxygen or sulfur strong line ratios. PP04 uses 97% direct T e abundances. All three studies then derive a relationship between [NII]/Hα ratio and oxygen abundance.
The spread in metallicity calibrations may be related to issues with the photoionization models, or temperature gradients and fluctuations that cause metallicities determined by the direct T e method to be underestimated (Peimbert 1967; Kewley & Ellison 2008) . Observational studies of optical recombination lines show a systematic differences of 0.26 ± 0.09 dex with the T e method (Esteban et al. 2009 ), which may explain some of the variation.
There is also emerging evidence that, at high redshift, metallicities based on [NII]/Hα are offset from those based on [OII]λ3727, [OIII]λ4959, 5007 and Hβ, even within the same system of metallicity calibrations (Newman et al. 2013; Cullen et al. 2013) . Specifically, metallicities based on oxygen lines are ∼ 0.3 dex lower than those based on nitrogen lines. This difference is attributed to different physical conditions in starforming regions at high redshift, and it is unclear which calibrations, if either, represents the "true" gas-phase metallicity.
Another uncertainty in our study stems from the fact that, in addition to metallicity, [NII] flux is sensitive to the presence of both AGN and shock excitation. It is unfortunately not possible to separate out AGN contribution to the [NII] flux without high-resolution IFU data . However, all detected galaxies in our sample have log([NII]/Hα) < -0.5; the theoretical high-redshift BPT diagram indicates that significant AGN contribution in this regime is unlikely , though it may exist at a low level.
We note that the presence of radiative shocks, AGN, and/or different physical conditions at high redshift would imply lower oxygen abundances than indicated by the measured [NII]/Hα ratios.
It may also be that the stellar oxygen abundances are overestimated. The measurement of oxygen abundance in old unresolved stellar populations is notoriously difficult (see Conroy 2013 and references therein). In the Conroy & van Dokkum (2012) (Edvardsson et al. 1993 , though see also Bensby, Feltzing, & Oey 2013) , suggesting that the stellar oxygen abundance measurements are robust.
We also consider the possibility of misidentification of the descendant galaxies. The predicted stellar mass evolution from z ∼ 2.3 to z = 0 for these galaxies is +0.4 dex. If instead the stellar mass evolution were +0.1/+0.7 dex, this results in negligible change of -0.05/+0.05 dex in the oxygen abundance of their descendants. This is due to the flat relationship between the stellar mass and stellar metallicity (Panter et al. 2008 ). This comparison is thus robust against errors in descendant matching. Additionally, the stellar mass growth at this number density is primarily not through additional star formation, but rather accretion (van Dokkum et al. 2010; Patel et al. 2013) . These accreted galaxies presumably had lower metallicities than the main progenitor galaxy, which means that they would lower the total luminosityweighted stellar metallicity (Greene et al. 2013) . Taking this process into account would therefore, if anything, increase the discrepancy in Figure 4 .
Perhaps the most likely possibility is that selection by stellar mass may still be biased, in the sense that the most metal-rich galaxies do not have detectable emission lines. Only 37.5% of our sample has detected emission lines; furthermore, the galaxies without detected emission lines are not a random subset of the sample. The last two panels in Figure 3 examine the diffe'rent properties of detections and non-detections in our sample. Galaxies with detected emission lines consistently have larger effective radii and higher SFRs than galaxies without detected emission lines.
These properties are known to correlate with the gasphase metallicity of the galaxies. For example, observations suggest that gas-phase metallicity and SFR are anticorrelated (Mannucci et al. 2010) . Furthermore, gasphase metallicity varies by up to 0.2 dex at fixed stellar mass as a function of half-light radius, with larger galaxies having lower metallicities (Tremonti et al. 2004; Ellison et al. 2008) .
Even in galaxies with detected emission lines, some unknown fraction of the star formation may be obscured by dust. Perhaps the detected line flux originates from "shells" or "rings" of Hα, as seen in IFU studies , while the starforming core remains heavily obscured. UDS-22984 may host such obscured star formation: it has a 24µm flux indicating a SFR of ∼ 270 M ⊙ /yr and an SED-estimated A V = 2.6, yet no detected line emission. Since dust correlates with metallicity, this galaxy will likely be more oxygen-rich than galaxies with unobscured star formation. If such heavily obscured star formation is common at high redshift, it remains a possibility that the starforming progenitors of local ellipticals have yet to be detected.
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